A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
acadcmic community, and federal,
state and local governments.

Although a small portion of this
report' is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR-85-1380 m
CeNE-g5USoH - 1Y |

05 A-amos National Laboratory '8 0Persiad by the Univeratty of California for the United Ststes Departmant ot Energy under coniract W-7405-ENG-38

LA-UR--85-1380
DE8S5 010751

nTLe  DESIGN STATUS OF HEAVY ION INJECTOR PROGRAM

AUTHORIS) E, 0. Ballard, E. A. Mever, H. L. Rutkowski

E Shurter, F. W. Van Haaften
K+—3. Riepe

SUBMITTED TO 1985 Particle Accelerator Conference

Proceedipgs. Institute of Electrical and
Electronics Engineers (IEEE)
Vancouver, Canada, May 13--16, 1985,

DISCLAIMER

This report was proparof. as an scoount of work sponsored hy an agency of the United States
CGovernment. Nelthor the United States Government nor any agency thureof, nor any of therr
employees, makes uny wa ‘ranty, exprest or implied, or assumes any legal Hability or responsi-
hility for the accurscy, comp'eteness, or usefuiness of any ir.formation, apparstus, pruduct, or
process disclosed, or represents that its use + -uld not infringe privately owned tights, Refer-
ence horein U wny apecific commercial produ i, process, or service by trade nume, trademark,
muenufacturer, of otherwise docs nut necessarily cunatitute or imply its endorsement, tecom-
mendation, or favoring by *he Unitod States Ciovernment or any agency thereof. The views
and opinfons of authors exprossed herein do not necesarily state or reflect those of the
United Statos CGiovernment vy any agen:y thereof.

By acepprgn LAY
vt e ofihg Ar L L pusnver oRUGNIZES INSY The U S Governmen! relains @ nonexclusive royally-lree hcanae 1o pubhsh o rapraoduce
e pybianag form 28 the (ontnhuhon ar 1y allow wthers to do 30, for US Goveinmaent purposes ‘
e . npye, il .
W andmon Napansl (aboratory requesis that the publisher dentily 1his arlicle as work perfurmad under the auspices of 1he U S Deparimant of | narg,

TSTRNIION OF THS DOCYMENT IS WLIMIED 1 [ K

Los Alamos National Laboratory
L@S A @m@ Los Alamos,New Mexicc 8754%


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


DESJGN STATUS OF HEAVY ION INJECTOR PROGRAM

E. 0. Ballard, E. A. Meyer, H. L. Rutkowski
R. P. Shurter, F. W. Van Haaften
Los Alamos National Laboratory
P. 0. Box 1663
Los Alamos, New Mexico 87545

K. B.

Riepe

Pulsed Sciences, Inc.
14796 Wicks Blvd.
San Leandro, California 94577

Abstract

Design and development of a sixteen beam, heavy
ion injector is in progress at Los Alamos National
Laboratory (LANL) to demonstrate the injector tech-
nology for the High Temperature Experiment (WTE) pro-
posed by Llawrence Livermore Laboratory ((LBL). The
injector design provides for individual jon sources
mounted to a support plate defining the sixteen beam
array. The beamlets are electrostatically acceler-
ated tnr0u¥1 a series of electrodes inside an evac-
uated (10-/ torr) high voltage (HV) accelerating
column, The column consists of two 28-inch diameter
insulator modules made of B85 percert Alp03 cer-
amic rings brazed to niobium feedthrough rings to
which the electroces are mechanically attached,
Field shaping is used to minimize electron avalanche
induced flashover along the inside surface of the
ceramic rings. The column is self-supporting and fis
cantilevered from one end of the containment vessel.
A brazed assembly was chosen to provide the required
bond strength and high vacuum capability, The HV
pulsed power supply is a 2My Marx generator canti-
levered from the npposite end of the containment ves-
sel. The stainless steel pressure vessel (PV) con-
tains a 65 psig mixture of SFg(30% ) and nitrogen
(70%) to provide the electrical insulation.

Introduction

Figure 1 shows the overall injector design. Tne
basic design incorporates a 2 MV Marx cantilevered
inside one end of the pressure vessel. The acceier.
ating column is cantilevered from the opposite end
with the HV domes located between the Marx and the
accelerating column, A 15 kVA motor driven alter-
nator and transformer is located inside the HV domes
with other electrical equipment used to power tne
sixteen beam sources located at tne 2 MV end of the
column,

The design concept wutilizes indivigual on
sources spaced on a sixteen beam array to generite
each beemlet, The beamlets are electrostatically ac-
celerated through a series of electrodes inside an
evacuated 1insulating column which will operate at
10-7 torr. The column will be surrounded by hign
pressure yas (65 psig, 30% SFg, 70% Nz) for elec-
trical insulation. The high voltage pulsed Marx gen-
erator is also in the high pressure gas for voltage
hold off between the capacitor trays. A laser trig-
gered diverter switch will be used to end the Marx

voltage pulse after the icn Dbeams have Dbeen
extracted.

The accelerating column is made wup oOf twd
18.6-inch long vacuum brazed ceramic/niobium modules

bolted together. The ceramic chosern was Coors AD-55
(85% alumina} since this was the highest alumina con-

A Heavy lon Injector prograi: is
Los Alamos National Laboratory to develop a prototype

tent ceramic ring that could be pressed

in progress at 28-inch 0D size required.

injector for the Heavy lon Fusion program. assembled columar weighs approximately 1625
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Figure 2 shows the column
with §ts HV dome and other incidental nhardware.
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Fig. 2. HEAVY JON INJECTOR ACCELERATING COLUMN

requires an assembly with high strength braze joints
to support the cantilevered load. The multip' e beam
injector design parameters are:

lon Energy 2 MeV

No. of lon Beams 16

Current/Beam 150mA-3Q0mA
Normalized Emmitance/Beam 4 x 10~/ Rad-meters
lon Species A~23-27

Leamlet Radius 17 mm

Pulse length 6 u-sec

Repetition rate S/minute

Discussion

Jon Optics

ne column ion optics have been anzlyzed using
the E-GUN code'. The analysis provided the elec-
trode shapes and spacing to establish the required
bea: emittance and divergence., Analysis is con-
tinuing to refine all aspects of the ion optics.

lon Source

ne present plan is to use an aluminum, Al*,
spark discharge ion source for the i{nitial oper-
ational goal, Ion source experiments? are in prog-
ress to develop this primary source as well as &
heated potassium zeolite source and a pulsed neon
plasma source.

Accelerating Column

The 2 MV accelerating column .onsists of two
metal-ponded ceramic modules, internal electrodes,
external ficld shaping rings and corona rings. It
supnorts the high voltage terminal which houses
equipment for the fon source located by reentrant ge.
ometry insice the accelerating tube., The column is
cantilever supported horizontally but unlike other
accelerators it does not have a separate support col-
umn to Ssupport the accelerating tube. Instead, the
accelerating tube {tself supports all the other parts
vf the column. This is feasibie in this case because
of the large 28-irch 0D ceramics required to accom-
modate the 16 beamlets and the resulting large moment

of inertia reduces deflection and stress to low
levels. (Jimination of the separate support coiumn
results fn a dramatic reduction of offort required

and results in a much cleaner, simpler electrostatic
des ign,

‘m g ZCTAON TAAP

The accelerating tube consists of two 1 My mod-
ules each with six ceramics (2B-inch OD x 26-incn ID
x 2.9-inch long) metal bonded with Ticusil (titanium
copper silver) foil to 0.030-inch thick nigpium
grading rings between the ceramics. There are ceramic
back up rings bonded at each end to minimize stress
on the ceramic from the supporting niobium flanges.
The assembled column with external grading rings and
internal electrodes weigns 1300 1b. The high voltage
terminal, ion sources, and associated equipment
inside add 325 1b for a tota! cantilevered column
weight of 1625 b,

Only alumina ceramics were considered for fab-
rication of the column because they have the hignest
tensile strength. Tensile stresses are considered
the only pctential failure mode of the metal bonded
ceramic sinCe the compressive strength of alumina
ceramics is an order of magnitude higher than the
tensile strength., The largest alumina ceramic ring
available is 28-inch OD of B85 percent alumina. The
expected tensile strength of this large ring is about
11,000 psi. This 1is comparaole to the tensile
strength of the Ticusil brazing alloy which will be
used to bond the ceramic to the thin rings of niobium.

Pre-loaded stress relief flanges located at batn
ends of each 1 Mv module provide the necessary flex-
ibility for mounting the column top the pressure ves-
sel. Tne pre-load will prevent any appreciacle sag
in the cclumn, thereby avoiding misalignment of elec-
trode apertures. The pre-load is obtained by elas-
tically deforming the thin niobium rings 4t the encs
of the modules, thus providing the force to hold the
column against the pressure vesse! support flange.

High voltage grading cf the accelerating cclumn
is provided by condustive water in plastic tub‘ag
whicn spirals one~half turn between each section.
This produces 175 kV across each of the 2.9-inch long
ceramic rings except for the first gap which nas
75kv. The water line continues into the high voltage
terminals for cooling of equipment and then spirais
down the Marx generator to ground potential where tne
water is cnilled before recirculation,

High voltage breakdown inside the accelerating
tube wil! be minimized by careful design that con-
centrates on eliminating the causes of electron ava-
lanche inducerd flashover alony the inside ceramic
wall. The electric field will be shaped to direct
electrons away from the wall to avoid electron
multiplication. This concept 1s shown in Figure 3
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Fig, 3. ASYMMETKIC FOSITIONING UF FIELD SHAPING
RINGS USEM TO DIRECT ELECTRON3 AWAY
FROM THE INNER CERAMIC WALL AND PREVENT
ELECTRON AVALANCHE INDUCED FLAZHUYER



with force vectors shown for 2lectrons on the equi-
potential lines. The negative triple junction at the
ceramic-metal-vacuum intarface will also be shielded
as shown to reduce electron emission from that sensi-
tive region. In addition, there will be an electron
trap on each of the 16 beam apertures and the center
vacuum pump-out hole to prevent backstreaming elec-
trons from entering the accelerating tube.

Pressure vesse!l

he pressure vessel is 304L stainless steel,
64-1nch diameter. 5/16-inch wall, 140-inch long, de-
signed for vacuum capability, which a’so provides a
250 psig internal pressure capability. Althougn the
vessel is not planned for vacuum operation, an inad-
vertent pumpdown could occur without vessel damage.
The anticiapted working pressure is 65 psig for a
nitrogen-sulfur hexafluoride insulating gas mix or
approximately 100 psig if nitrogen is used.

The assembly tnat supports the cantilevered Marx
generator will have the capability to roll back for
easy removal of che Marx assembly., This will provide
easy assembly and maintenance of the Marx unit.
Also, the cylindrical vessel can be rolled back to
provide access to the cantilevered HV accelerating
column for assembly and maintenance. The head to
which the cantilevered accelerating column is at-
tached will be hard mounteg to the floor.

Pulsed Power Supply

A WMarx generator has been chosen to provide the
HV power to the injector. Other options (pulse
transformer, indrction modules) were considered but
are less desirable because of the cost, although the
use of induction modules to power an “electrostatic”
column could have advantages in pulse shaping and
anode heater power isolation.

The Marx 15 designed to compensate for the volt-
aye droop due to the charge drawn off tne capacitors
by the load current and the shunt charging re-
sistors. Tnis is done by the first two capacitors,
which are charged negative, The main Marx has extra
voitage to compensate for the negative stages. AS
the voltage in the positive stages droops, the nega-
tive stage voltage droops the same amount. Using
this tecnnigue, the beam voltage can be kept flat to
0.) percent.

'ne Marx generator will use lightweight plastic
casec capacitors, rated at 100 kv with 0.06 uF
capacirtance, [Two stages of the Marx will be mounted
on a 6-inch wide molded plastic tray providing
0.?2MV/tray, The twelve trays will rest on two canti-
levered insulating beams made of phenolic impregnated
densified wood laminate.

A diverter switch

is required to end the Marx
voltage pulse. Experiments are in progress using a
low energy Krf laser o determine the required di-
verter electrode spacing to prov.de reliable laser
triggering necessary to divert the Marx pulse at the
end of the ion beam pulse length.

To provide flexibility and precise control of the
fon beam extraction, a technique 1is being considered
whereby the ion source grid can be pulsed separate-
ly. This would allow the column voltage to be pulsed
on and any oscillations to damp out without & beam
present. The beam would then be turned on and ac-
celerated in the column. At the end of the pulse,
the beam would be turned sff by chopping off the lon
source grid voltage while leaving the column voltage
on, thus accelarating the tail of the beam to full
voltage. A small high voltage pulse generator inside
the high voltage terminal will apply the appropriate

nigh voltage pulse to the ion source grid with
respect to the extractor electrode. The cnarging and
triggering can be controlled via fiber optic links.
Charging power will be derived from the alternator
inside the HV terminal wused to power the ion
sources.

vacuum System
The vacuum system will be attached to the tran-

sition section as show: by the Figure 1 assemply
drawing., The va2cuum system consists of a rougning
pump/blower combination providing 27 cfm (13 1/s) ca-
pacity down to 20 torr, At this point the plower
boosts pumping speed to 100 cfm (47 1/s) down to a
pressure of 1 micron. Two 12-inch cryopumps will pe
used for low pressure operation tO maintain the HV
accelerating column and diagnostic Section at the ) «x
10-7 torr range as required for beam extraction and
transport,

Jon Source Power

The "1on Source power supply system will consist
of a two-pole induction motor, 25 hp, 3-phase, 1750
rpm with a magnetic motor starter. The motor wil)
drive an acrylic shaft mounted 1nsigde the Marx corona
rings with bearing support blocks mounteg from tne
Marx support beams. The shift will drive an alter-
nator modified to provide an output of 7.5 kVA at 40D
hz, 115/200V (nrominal), at 1750 rpm. The alternatcr
can also operate at 3500 rpm to provide 15 k¥4 output
if additional power is needed to operate different
SOurce types.

Instrumentation and Cuntrols

An Tnstrumentation and contro] system is present-
ly being developed to provide functional control and
information readout of all operating parameters re-
quired.

Summar

[

The design of many of the Heavy lon Injector com-

ponents, i.e., pressure  vessel ard  support
structures, Marx assembly, accelerating column, and
vacuum systems has progressed to the firal design
stage with detailing in  progress on  these
subsystems. Qther design areas, i.e., inn source,
electrical subsystems, laser diverter switch, and

instrumentation and controls are still in the testing
and preliminary design stages.

Fabrization of the pressure vessel
structures wil) begin in late FY-85. Brazing of the
'V insulator modules is in progress. Complete fab-
rication and asserbly 1is expected to occur n FY-86
with initial testing to begin late in FY-86.

and support
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